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(54) DIGITAL CIRCUIT 

(57)Abstract 

PURPOSE: To form a digital bipolar circuit which operates at a speed of a 
prescribed GHz or higher under a specific power supply voltage or lower by 
generating the bias currents of differential pairs and emitter followers by 
means of resistors which connects the corresponding emitters and power 
source levels to each other. 

CONSTITUTION: Transistors (TR) Q3.1 and Q2.3 form a differential pair 
having inputs A and -A which are connected to the bases of the TRs Q3.1 
and 02.3 and TRs Q3.3 and Q3.4 form another differential pair having 
similarly connected inputs B and -B. When a clock signal CK becomes 'H*. a 
TR Q3.5 raises a node M to 'H' and turns off the TRs Q3.1 and Q3.2. When 
a clock signal CK becomes *L\ in addition, a bias current flows from the TRs 
Q3.3 and Q3.4 through a resistor R3.4. Therefore, the logical output 
becomes equal to the logical input to E. When the signal CK becomes 'L\ 
the logical output changes to the logical input to A and a digital bipolar 
circuit operates at a speed of 1 GHz under a power supply voltage of, for 
example, 1.5 V. 
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[SW1 1. 5 tfOu h \£T <oMMMEE~tr 1GHz J£Jl_h 
fc««U"</uVEE4:«r*-»atn:^J:or** 




1 

(!t#JSl] A^ff^A, B, *5£l/C*5j:t«-<0*l 

/^{f-^^A^-T5^<h, 

SB 2 « ffi O m T* §3 0 « *_ 5 ft 1 $3 81 £ , 
c^-ft#tcj£«PLT, ft 2^/ — K^S3oH4i: 
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ffit-«>6»'frJCtt*3*5 < tVJB4(7>/<><#— 9 h^^v 5 

*!B3«ffi4:!B4«ffioW"C«JD»x.SSS2«tft^a 
4:, 

««W«c»tt$ttfcSB 1 om*«ffi«-¥-*3«t t/jg 2 is J: 

»i*5j:u««2(offljft^ai4, ^jx-e*^-*, ^ * 

$ix^=i *£^1"£ft 5&£tfft6tf>/-W#— 9 h 
15^^-7 Fyyy^^ox; **as«i#ay- 

ftifcJ:tf»2 0ffl»#»tt, £<btc, fti#a/-K 



(2) 4$B8¥6 - 2 2 4 7 3 8 

f $rl6/^^-7 h ? > *J * 9 (D^ — ^(cmSUftlCA 
l, 12, S3, i3j:i;g4^/f-7h7>^^ 
[if*^2] IffilEC ft n ft WE 

[ft*3S3] MlBBfS^BiaWJ-miEA^— 

^ffi-cfc^, miBU*«m^A4:ci(o»ffiW*a«i^ 

fc^«to-C5S«*ttS^JI-*5»t5A^f§^-<OSEE«Jfi 

Wx> s/*S8^#ft i cosily - KKaftWicSlfl! 
S*ifc£tt»«r»)«-rsS l *5±l5ft 2 0>/<>f #-9 h 

-t-5^8i3j:tfft 2/M 9 h^y^^^^-^C 
ml IS A * ft •*§• CO ffi ft * £ A * -T 6 # © t , 

xm$L&) d 5 set ^wc t , 

^1, 12, $3, ioJ:U5S4<7)/M^-7 h7^^ 

^^^^ »Jt6ttffiJC«^Jx^«T-*^tt«8-T-W 
lcfc^>^^(c^mi^J:U ; m2 0^^^^- ; 7 h^^v^^ 

1 «{tt»2«ffi^|BJ"CW0**5SB 1 ^^¥19:4:. 
tm 3 0®{4(Cfc5S^iCi4^ 3 *5 J: VJB 4 <Ds<4 

7F7^^^^^t-/;u$n, i2*l;-KO 
50 ^2^JSI^©:<t. 
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7 h9>i/**0^— ;*icmSlftt-A;^U j&> 
ftfjfS^ n **«^0>W«^*»6^ #-9 h7> 

v> ^ * O - ^ fc M -r 5 £ W L , 

ma^mEE t mi&m,& t - « fc n x v > a m =f t <d n <o m 
imxms] Aft Bfi^-*5<tu^cix^«-ff^-cott 

T, Aft-^i:Bff-§-<DSNte»tta?PS:ai-a*«ffiS:SB 
l coy — Ktc^r^^-f v^^/UHlSSlcio^T, 

ftfc 2o<0/<-YzK— -7 h9>S*** (J^T. ^ l J: 

Srii5«iSlE3&s|HIWi-«EttS J: 5 KSB 1 y- h h 9 
A/^-ft^Jlt/B^-m-^tCiC^LT, A/<— ff-S§-3o 

2/<-f 9 h9>^*Srii5«flt^K«W^8IEns 
<fc 9l:$2y- h h9>^^^«riiS«flES:»J»-r5* 

^^-7^7^^^ («T, !Bi *3.fctfSB2<0SJ» 



(3) «fM¥6 - 2 2 4 7 3 8 

*<k, S2^- h h 9 S 

✓^#-9h9>> ? ** (J^T. JS3*3.J:tfJB4£>fMW 

Afl^iM F7y^^^-^(:AAL, Bft 
^-$rfg2^J^ h7>^^^^<- ^i:A^]l, B^<— ft 
f«:^3»J»h7>^^^-^i:A*L, A/<-ff 

y^? SBi &£Tfm2<D7- h h7y^^^-^i:, Aft 

MIS 2 o<D«fltS»lit ^fjx t ^ ^ ^ $ ix^: h 9 

Bo 

o^q^-7h7>^^ (J£iT, SliJ<t^20 
A* h9>> ? ^^v^5) i:, 

S2A^h7 ^ ^-^icMf&A^fS^ffifS^- 

0(D^7K-7h7>^^ (^T, ^i^5J:t/^2£D 

at, 

^ SA^ h7^^^^- ^(C^D^^nfcfilfEA^ff 

* ^ ttsais A^ff ^(offim-ziz. «t o r sen * n s «t 9 

S 1 ctl/S 2 (?) A^l h 7 > i/^ ^ SrtixWS 1 

^^^20^7^ h 9^v ? ^^i^^w;c^!gt-r^>^ia: 

5(? ^WI-SiK^^, JBi«4:SB2«om*c^ y^Sr*i-5 
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^"CBf**ftT»t^7 h £ft5 «fc 9 (CiliR£ft£ * £ £r4# 
«£:-J-5fl|3ftJl5<z>7^ v^;Mh]B 0 

■f-fcXNORElBSrWU CCDXNORIejBfi, 
- K^ltsmi5ttJ*«ffi<OBaW«fS-5-S:*-rXNO 
Rf±^£3l2<£>/- Kfc*3V*-C J: 5^*** 
ft, SSl /- KiJB2 /- Kc0M(O«ffiSI^SIftta*fS 

«HE 2 oollMw 5 *><D<^-f ftd»S:flEftS«8Ed^ 
XNORfflMEt U-C«*pT1IBft«ffil»T«:4i** J: 

[0 0 0 1 ] 
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9,v;<4i£— 7»3£IhJBI::B8U »l:h7^^^?(0 

Bfc^/^i-sttsiaBiwH-*-*. 
[0002] 

£^#£{£fl£-r 5 r t \z «fc o r $ ft 5 5 w t £S&ga 

BSltv^o I^ibt^TOlft^e), ls]BK:ft-#l4 
^^/u|HlB<o*«S;ffiSr*3j:*5^K^e>3. 3 
— , £&l£f4 1. S^uh^ir^y-yy^t^) 

[0 0 0 3] ffilitf* S^^KS (ECL) ft« 
^ftTV^Ofi, -^vuf^u^iJ-J: LTffli^ftStt 

l/2dM6£tR 2. l T^tEI^Ti: Lty-KXl:S 
ft5 0 ^<r>mK^cxkf^^>%M\%. h7>^^Q2. l 

^0^1/02. 7 *>5VM4 h Q 2 . SfcJcfctfQ 

2. 8<^v^-fft^$rS*-r^aBSriiCTSagV E E^Stt 
ft5 0 ^f^SBt, ^**«E««rBt5 2o<E> h 

titi^^C, :tib2ooh7>-/^^(i "^^^/ 

^" Kg^^^ftTV^ i ) rft^COh^^v?^ 

tt SI^(deep) M fiafOdSjK^^ft-SS^lCfiaJKttffi 

«*Ktt^ l . 5^yH> «t 0 tS5< ftitfttfftbftv\ 
[0 0 0 4] ^ftlc^fUT, flMRIfttSifti^WJ-^* 
s/^i£«<7) h^>v ? ^^?:^Lftv>j: 5ftlUK»r*3U^T 

4:0 l i:/Tf 8 m l <D{HJBl-:fc^-Cte> h7>^^Q 

i. 3 £«cfts mani^ ^/^-3i ^ yf&mztitL h 

40 7>^^Q1, lioctt/Ql. 2CJ:oTW^n 
[0 0 0 5] . 

TtiBiSift^^Itg-efc-S. L*»Lftasp>, ^ft$-C(0 
la]BRW-#*iC<oa(Z>v^< od^EIBtlimu 
ti<D*X*hZ 0 aft* -C 14, a^ogSS§8»4rlimi-^> 
w t ds^ffiftwO«(7>cgBo— «Wft31«J4**nUfc* 

5^7 [0 0 0 6] 
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[«H«r«Sfc-rSfc«><^»] #*9JK:t£oT, l. 5 
tfOu h JWT^>m21®£E-e l G H z SX±<DX t°- K-Cfbf^ 

nb^lHJKi-^VNTffiV^n^^ijb^ioctt/^^ y*7 

tfjuhx-tbZo (£XT<Dmmz.&\,^x^ v EE te-i. 
■i-z>®m\zm7£t$tix^^z>(DXtete< x ey*. 

t V C C=+ 1 . h t<Dm<V£ 9 ftjEld/^T;*;* 

BcD^H^nic^i^Tii, h^v^^m^ y*-=- 

[0 0 0 7] 

TtfXEj&gfL BiCMOS3>/^/i//^>!)2y/q 

TIL $r— . . ^ — v^/U(K.G. Moerschel) h\z£ 
5 "BEST : B i CMOS^^f^-^-t/P 

v yot-r - • u * $ M,mm^^m (1990) (ieee 

1990 Custom Integrated Circuits Conference) iCSotf 

sawtii8. 3. 1-18. 3. 4^iai$^nx 

V^o wOft^fi, 1. 5 v mOT^V ^ )V\Z.m^ 
<h<DXh*), *rtl\Z'&oXftM£tltc\B]&te, 2 mW 
/gate ^l/^itl*^T{:8 7 p s £^?/J>^ 

e c Les^^-rs tcQ-e&s 0 

[0 0 0 8] ±m<D&&\Z&\,^Xm\<^tlZ>mW)ttl3£ 
y$y* n l7(7)/^^r^m3tfi, (H3CDR3. 3 
:fcJ:U<R3. 4^^3§^3^SlTL^ffiV>-r^$ix5o - 

s/ 9 t mmts* t <om \zmm £ tut?*** ^ u 

[0 0 0 9] H2tt, tS*Sil:S5ECL^f/l/ 
Vv ? ^^Q2. ltQ2. 2#^;ft,^;ft,CD*<— 



(5) ^f^^6 - 2 2 4 7 3 8 

S 

h7>i?X?Q2. 3iQ2. 4 2)^n-rixcD-< 

tlf*lh7V^^Q2. 7 *5 J: tWSfit R 2 . 6, F7 
>^^Q2. 8 *5 J: t/jggt R 2 . 6^^LTS®mGE 

2. 2 it h7>V^^Q 2. 7 *lcEpan£*L7t? 

-tons*. /- KM^e>«ttttiJi-««td s *^i"*o 

I^BSlw, F7^^^Q2. 3^5J:U : Q2. 4 tt h 7 > 
v^^^Q 2. 8 <Ds<—y>\Z%)to£i%-?t$m? n yftE^ 

XJittSCWI-li— h^Vi^^Q 2. 1 tf>=f 
^l^^nTfc^ ftfe^-CllfiStR 2. 1^U8 
«6SttTV^o KYI*— h7^^^Q 2. 

^ 4^3u^^i:$«snrfc»), ffi*-eii»fitR 2. 2 

[0 0 10] H3lctt, *38^<0 — jttfiWlctt^^^^ 

*to*>, h7>^^Q3. 1^Q3. 2 sJ^nftlO 
»^MLT^^ h7>"^^Q3. 3iQ3. 4^ 

m*f(D^ ^ y9\±/— KN(C»L-C««WJC»ttSixT 

KMfc.ttKNfi-en-ensstR 3. 3*3^1/ 

R3. 4Sr^LT«aR«lEVEE^SI«t*ttTV^o h7 

5<Z)^<— ^iC^D^ixfc^ p y Pm-^rCKlZX^X^ * 
— -7>v/=r4^ — 7>v£ft^ -tOJSft. KMOtffi 
^2E<t-rS. h7^^Q'3. 3^5i:l/Q 

3. 411 hy>i?*fQ 3. 6 £7}-^— ;Ml^n£*L^i£ 

^^^iC^^tlTiSt), fa^TliSfetR 3. \&&XI 

R3. 5 $r^bT^it6^ttrv>^ 0 KYIi— *-C*i 
h7>"^^Q3. 4CO=iU^^(cSi!S^tLT^»9, ffi, 
*T(ifiSiR3. 2^5i:I/R3. 5 ttSife^f ttT 

[0011] L^Ltt^b, ^n y ^ h7^^^Q 
3. 5*5j:tfQ3. 6<OES^l2l2^-r^^7 ,, U^i^^ 

50 li^oTV^o -T#*3*>, :nb^h7>^^li?Ft 
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CtKJloT, V EE tm&t(Dffl<DQ3. l % Q3. 
2, Q3. 3, *S£tfQ3. 4 05*><0^r*Xri>£:fr-r 

10 o i 2] gj3tc^^ixTv>^iHlg&(^. -ttol&fNcis 

K^HUo rgagiJStt 5, 2 o<D*^ -5§- 

*v£{f -^-(2, - 2 0 OmVa^ ^^e>^— K l/^/l"£r 
#LT*59, "^^I I" i f¥ffc£ix<5ff 4 0 

OmVtV^^^y^-Kl/^^f ITV^o 131: 

[0013] J£ATx 0 3 OEKOttfp *rK9J-r 5 e C K 
^Ml:45i, h7>^^^Q3. 5dV-KM^ 
^lc§lf_btf. h?>-^;**Q3. lioJ;t;Q3. 2£ 

7V^^Q3. 3ioJ:^Q3. 4^bSfetR3. 4£ 

^LTttSEdSjEttSo "*"*to*>, Q3. l*5J:r/Q3. 
2^-r^ir — yyu^tiTQ 3. 3ioJ:t5Q3. 4 * 

&7jk£tlZ>o wCC, h7^^^Q3. 1. Q3. 
2, Q3. 3, *$J;r/Q3. 4 f*. ^ - = U ^ ^ W 
\Z4 0 OmV<hV>e>«I^fS]/^^T^mm^^n^D$tLTio 

ftfi«l:A5:ili4<, ^n^x.S)f^aSicglit6n 

[0 0 14] 1214 1*, 7t>T& h# l*5«fct/iH*B^ 
1 . 2 mW^l>9 ^^CDTTCOEI 3 co[HJB§<DlJ]f1^Gr> 

12, A, B. fcJ:t;CKAMf Ii5 0 OMH z ^V^7 
«jK«Sr*T-r5»»!««#"C«>9, AI2B J: «9 1 8 0° 
ig/u-Cio9. CKliBi:^ 90° xiA/-ev^o 
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[o o i s] *¥&m<om<Dmvtimi*. m s iz^k s 

9, -t<0ftto9l:: h7>^^Q3. 3£Q3. 4 (-f 
i5^)h7^^^Q5. 3£Q5. 4) 5:7 

70 [0 0 16] w<0^y^-lHlB^»m2«TOi:*5«9"t?*> 
5 C CK^o-(^S^tt, A;ft*t (h7>^^Q 
5. l£Q5. 2) * — ://u$ixT*5?K y-KX 
*3<fct/YliA*«#iCiiH[L, 7 h7>"^^Q 
5. 3tQ5. 4ti^-^-C*)5o. CKiWi:45i:. 
A*J*tf*7Wir — yOu£ft, 7 ^^J&s^^lwfcoT-fc 

* hr£*v6 0 

[0 0 17] CO9y^lHlB<0ttteSr»fiffi-r5fc«>Jw, 
-SO;^7yf[E]B^ J^&S£2#co 1 IC^#J-T 

a^iiA/^£o 13 6 J*. 2GHzioJ:t/i»SA2. 8 m 
W {=7 y=f-—^^tz <0 1. 4 mW) Ltt^ w <D 

[0018] *^PJOSlJO||J£0iJ{i, 13 7 

5»fi&tt«&3i?D (XOR) Ih]SST'^^o rco[H3iSl±, El 
3 0-^>'^^7 p u^•t^[H]^S{cioV^-C > Bio J:U ? B/<— !rC 
Kio K^<-\C^tl^fthmm L, h 7 ^ Q 

3. 3 (|7WF7y^^^Q7. 3) ^A^t'fc^ 
J^7 A/<-?rB^, h7>"^^Q3. 4 ®7Wh7y^ 
^^Q7. 4) ^^A^-CfcSASrB^—lw, -tH-ftt 

m> b^sd— <7>»dtwtttb*<75»affl«A*Aoieaffl[ 

So . £oT, Aioi:U ; B75S^ / ^i i i^t 1 /^^ T*fo5A^S^ 

wttbAtt i rfc-So ititt, a t b t os^ffliMttafp 

(xor) }S8^t^5o 

^ [0 0 19] roy-hli, [3 9<7>t£3fcftffilC^6EC 
LXORy-hiniSiitfe5c EI901h] 
KCfcV^li, — *OA2l{f*d s U^/Ui/^ h^y h 17 
-^ 9 0 0ioJ:t/^^ ^^^t h9>v?^^SriSiflLtttt 

9. 4iih7y^^Q9. l £-&ir^B)*t<h;** ^/^ 

hirliS^ 1 ?, *«^l:i^XORy- hfi^^oA^ 
5<? [0 0 2 0] ifS^l. 4mWf»)^LT^ 



* 
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"cfc^o z(D^\xr>, 1 1 o p s k\<^ommMm&hz> 
zt&frfrZo — *-e, h— o> = w * * setts ± v «s 

fi««r*Ti-S«e*tt«5lw«SXORy— httl 3 0 p s 

[0 0 2 1] ft9&£ixTV>5c£ 5 ® 7 (DHBfi A*5 

<fcVBA*lwBBLTI5lS*LV^ejfiiiESr^rUTV^5. 
L ^ L ft e> . A *3 «fc B ft iciilp] — 

^XORy-h (-r*t>*>, AfcitfBA^KBBLT^ 

[0 0 2 2] fi£3fe&ffil;i&5, Al3£TfBAt) 

KBBLT#Wfi«m±*^E C LXORy- h £^Lfcg) 
-CfcSo KX(C*5V>TmttSSStR 9. n?0>fltJE 

9. 1 «ratttS*«fd:. SMftt V EE t <OPfl£r, h^^i^ 

**Q9. l^J:trQ9. 4^1T, £>5l>t*Q9. 

2*3«fctfQ9. 5^1T, Iti5 0 :iie>oM(i, 
JggtR9. U5^7y^^Q9. 1*5J:U<Q9. 2 CO 

9. 1 # at- 0 , ^oBt/^t'fcoth7^ 
*Q9. 4 t^>-C*>5»*»C<0^, Q9. lfflg^^tt 

Q9. 2{iij(7)^^^*n5o xiz&vzmtm, m>m* 

[0 0 2 3] #*910>— HflSWcio^Tte, *3691Ji* 
H9^^Snfc0Ki:fiA*S, A*Sj;tf B A^lcBH L 
T#^ft#XOR[eJB-C*>£ 0 :OXOR@I8 (12 1 

o) tat, mMbmmt<Dmzx* *y?&igt£titi 
t <o#ffiw»asitu*«^tt, gfetR io. i -c^je 

F7>^^Q10. 3^«tt;g6iRl 0. 2, fc 
h7^**Q 1 0. 4fcJ:(;SfeiR10. 3. 

^^Q10. l^^Ml 0. 2I1Q10. 3#0]££ 
ffitt^^at^r^JPL, F7y^^Ql0. 5*3<fcU<Q 

10. 6liQi0. 4»lft*r8IE*L5«8ESr*J»-rSo El 

0. 2) tt*ij»$;h,£ h7>^^ (#J*Ll£Q10. 

3) l:» LTx 5 y ^ - x $ y i 9 »*S ftt . 
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V^5o #flaSJEV b i* 5 h7>v?^^Q 1 0. 3*5,fctfQ 

10. 4^- ^IcRliD^nTl^o -co^jei*, A*? 

At Bioctrz-t^ffiffiA^o^^e^^— K^^t^tt 

[0 0 2 4] WTti l 0 <n&n<r>W>VF*$LW1rh 0 V 

7>"^^Q10. 3te, A*5£t/Bd5n-T&9 , tS 
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